The phenomenon of mixing in neutral meson systems has now been observed in all flavours, but only in the past year in the D 0 system. The standard model anticipated that, for the charm sector, the mixing rate would be small, and also that CP violation, either in mixing or in direct decay, would be below the present levels of observability. It is hoped that further study of these phenomena might reveal signs of new physics. A review of recently available, experimental results is given.
INTRODUCTION
Mixing and CP violation (CP V ) in the neutral D system were first discussed over thirty years ago [1] but mixing was observed for the first time only very recently [2, 3] . Since then, these observations have been confirmed [4] [5] [6] [7] in other experiments and in other D 0 decay modes.
Unlike the K, B and B s systems, for which mixing was observed years earlier, the short distance (∆C = 2) amplitude contributing to mixing in the D system arises from box diagrams with down-rather than up-type quarks in the loops. The d and s components are GIM-suppressed, and the b component is suppressed by the small V ub CKM coupling. In the standard model (SM), therefore, long range, non-perturbative effects, a coherent sum over intermediate states accessible to both D 0 and D 0 , are the main contribution to mixing. These are hard to compute reliably, however [8-11]. 
Notation and Formalism
It is usual to define mixing parameters x, y, r M and φ M and a decay parameter λ f :
in which M and Γ are averages for the two mass eigenstates and δ f , φ f are strong and weak relative phases, respectively, for the amplitudes A f (Ā f ) for the decays of D 0 (D 0 ) to the final state f . In the absence of CP V in mixing p = q = 1/ √ 2 and φ M (the mixing phase) is zero, D 1 is CP -even and D 2 is CP -odd. If there is no direct CP V in decay, then either φ f or δ f = 0.
Recent estimates for |x| ∼ 1%, |y| ∼ 1% are in good agreement with the present observations and are orders of magnitude smaller than values measured for the other neutral mesons. Since charm decays are dominated by the 2 × 2 sector of the CKM matrix, where weak phases are absent, CP V , in either mixing, or in time-integrated decay rates, is unexpected. Either a large value for |x| (e.g. > |y|) or the observation, at current sensitivities, of CP V in charm decays would be regarded as an indication of new physics [9] [10] [11] [12] .
In the following section, we discuss the experimental evidence for mixing as observed in time-dependent effects in hadronic decays. Then, in section 2.2 we present results from its effect on lifetimes. In section 4, we outline the th International Conference on High Energy Physics, Philadelphia, 2008 present state of experimental searches forCP V in time-integrated decay rates of charmed mesons in section 4. In section 5, we present a summary of the current knowledge on mixing parameters and outline possibilities for future progress.
EVIDENCE FOR MIXING IN TIME-DEPENDENCE OF DECAYS
It follows from Eqs. (1) and (2) that mixing gives rise to a time-dependence in amplitudes
When the final state f is accessible to decay by both D 0 and D 0 , interference between direct decay and decay preceded by mixing will occur. Neglecting CP V and terms in x or y beyond second order, the decay rate for D 0 →f , for example, deviates from exponential
The first term in square parentheses is the direct decay rate, the third is proportional to the mixing rate (x 2 + y 2 )/2 and the middle term comes from the interference. The latter makes it possible to measure the small quantities x and y to first order, but only if the strong phase difference δ f is known.
Evidence for Mixing In
Observation of the deviations from exponential in the "wrong-sign" (WS) decays The strong phase δ Kπ was poorly known, so this measurement was only able to determine values for y ′ = (9.7 ± 4.4 ± 3.1) × 10 −3 , x ′2 = (−0.22 ± 0.30 ± 0.21) × 10 −3 and R D = (0.303 ± 0.019)%, where
and R D is the ratio of DCS ro CF decay rates. The BABAR result was found to be inconsistent with a no mixing hypothesis, with a significance estimated at 3.9σ. These results assumed no CP V . Separate fits to D 0 and to D 0 showed no significant difference. It was concluded that no CP V was observable at the current precision. Using a similar technique, but with data from 1.96 TeV pp collisions, the CDF experiment has confirmed this result with a 3.8σ significance [5] . The plot of WS/RS ratio vs. t is shown in Fig. 1(b) . Assuming no CP V , they obtained values x ′2 = (−0.12 ± 0.35) × 10 −3 , y ′ = (8.5 ± 7.6) × 10 −3 and R D = (0.304 ± 0.055)%, in excellent agreement with those from BABAR.
Lifetimes for Decays to CP -even Final States
Deviations from exponential decay, introduced by mixing, alters the effective lifetimes τ for D 0 decays in ways that depend upon the CP symmetry of the final state [20, 21] .
(CP -even) have been used in searches for mixing by measuring the quantities 
Mixing in
The BABAR experiment has just reported further evidence for mixing in WS D 0 decays to
. For this three-body channel, each decay is represented as a point in a Dalitz plot, defined by the squared invariant masses (s 0 , s + ) of the K + π − and K + π 0 systems, respectively. The final state f and the value for the strong phase
is then unique at each such point. The CF and DCS decay amplitudesĀf and Af , respectively, can be determined from fits to their Dalitz plot densities, but the constant phase δ Kππ cannot.
The BABAR collaboration identified a sample of ∼ 3, 000 WS and ∼ 660, 000 RS D 0 → Kππ 0 events in a tight signal region with flavours identified by their origin from D * + decays. The RS sample was very clean, though the WS sample had a 50% background, mostly from "mis-tagged" RS decays. An isobar model for the amplitudeĀf was determined from a time-integrated fit to the distribution of events on the RS (mostly CF) Dalitz plot. A second, time-dependent fit to the WS Dalitz plot then determined parameters for the DCS amplitude Af and x ′′ , y ′′ (x and y rotated by the unknown phase δ Kππ ) summarized in Table I . Table I : Mixing parameters x ′′ = x cos δKππ + y sin δKππ and y ′′ = y cos δKππ − x sin δKππ from the BABAR analysis of
These are related to x and y by an undetermined strong phase rotation δKππ.
2 BABAR measured the asymmetry in ∆Y = (y The significance of the mixing signal in the fit to the combined D 0 and D 0 samples, ignoring CP V , was 3.2σ.
Separate fits to each sample show no evidence for CP V .
OTHER MIXING MEASUREMENTS
Two other channels have recently been analyzed in which the mixing signal was of less significance, but where mixing parameters were, nevertheless, measurable. Table II . It is noteworthy that the value for y here is not consistent with the world average value for y CP = 1.072 ± 0.275% discussed in section 2.2. • There was no evidence for CP V since the magnitude of q/p was consistent with unity and its phase was zero.
3.1.
D 0 → K S π − π +
CP -odd Final States
A new result from Belle [23] . has examined lifetime differences between the decays to the CP -odd final state D 0 → φK S with decays to the CP -even background and φ sideband regions. A novel method was chosen over a time-dependent analysis of the whole A value for y CP was extracted from the difference between (τ A and τ B ) and the "CP -ness", of each region, obtained by integration of these amplitudes.
The result, y CP = (0.21 ± 0.63 ± 0.78 ± 0.01, where the third uncertainty accounts for uncertainties in the decay model used to describe the decay amplitude A, was included in Fig. 1(c) . This result ranks third in precision for measurements of y CP . It is important that it agrees quite well with all other results from the CP -even modes.
SEARCHES FOR CP V IN CHARM MESON DECAYS
SM expectations for CP asymmetries in time-integrated decays in the charm sector are small. Singly-CabibboSuppressed (SCS) decays are of particular interest since these allow for asymmetries, at the ∼ 0.1% level, from gluonic penguins [12, [26] [27] [28] . Observation of CP V at current sensitivities would be an indication for new physics.
The asymmetry is defined as
For D 0 asymmetries, there could be contributions from both direct CP V and from mixing. The latter is small since
Experimentally, measurement of asymmetries at the 10 −3 level are limited by uncertainties in asymmetries in the detection and reconstruction of particles of opposite charge. Also, for D 0 decays, efficiencies for D * + tagging cannot be assumed to be the same as that for D * − . Forward-backward production asymmetries, resulting from Z 0 /γ interference and higher order loops in the production of cc quarks, results in asymmetries in the distribution of D decay products in regions of varying efficiency in the detector. Calibration of these factors used to rely upon Monte Carlo simulated event (MC) studies, with questionable assumptions about charge-dependent interaction effects, resulting in systematic uncertainties in A CP 's in the 1 − 5% range. In the past year, new insights in using data rather than MC have led to reduction of these uncertainties to the 0.2 − 0.4% range [29] .
Large samples of CF D 0 → K − π + decays, selected from the BABAR 386f b −1 data sample, were used to provide information on the efficiency asymmetries in small momentum and angular range. The underlying assumption was that the integrated production rates for D 0 and D 0 were the same. Forward-backward production asymmetries were dealt with by measuring event yields in forward and backward separately. Asymmetries obtained in this way, are summarized in Table III . Other, recent measurements are also included. 
These asymmetries are consistent with zero, with most systematic uncertainties much less than 1%. Of particular interest is the observation that both statistical and systematic uncertainties should scale with the square root of the number of events. Future measurements from flavour factories may well detect asymmetries at or above the SM limit. th 
SUMMARY
The Heavy Flavour Averaging Group (HFAG) has combined a wide range of mixing observables (28 in all) including all those discussed here. To do this, they made a χ 2 fit [34] to obtain values for the underlying mixing parameters (x, y, |q/p|,etc.) that best described these. The results are best summarized in the χ 2 countour plots in Fig. 2 for the fit that allowed for CP V . The combined evidence for mixing is now compelling. The probability for x = y = 0 (no mixing) is excluded from a fit with no CP V at the 9.8σ level. The present data are also consistent with the absence of CP V . No evidence for CP V in time-integrated decay rates for neutral D mesons exists either, though the measurements are approaching the interesting level of sensitivity that could confront SM estimates. Furthermore, systematic as well as statistical uncertainties are expected to shrink as more data at present and future flavour factories is accrued. We should take this as a need to continue to press on with these studies in case there is yet a hole in the SM at the energy scale that can be probed with results from a flavour factory.
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